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Positively-Charged Peptide Nucleic Acid Analogs With Improved Properties 
Field of the Invention 

5 The present invention relates to novel types of peptide nucleic acids (PNAs) with 

improved properties. In particular it relates to positively charged PNA units having an 
ethylene linker between the backbone and the nucleobase, to oligonucleotide analogs 
containing these units, to oligomers comprising these units, and to the use of positively 
charged PNAs as novel delivery agents with therapeutic and diagnostic applications 
10 including for antisense therapy. 

Background of the Invention 

Synthetic antisense oligonucleotides have been used to inhibit DNA replication 
and protein synthesis with very high specificity (,,2) . Various inhibition mechanisms have 
15 been proposed including: 

1. Prevention of ribosomal complex assembly or mRNA translation (by hybridization of 
the antisense oligonucleotide to its target RNA molecule). 

2. Degradation of the resultant DNA/RNA duplex by RNaseH. 

3. Inhibition ofthepre-mRNA splicing. 

20 4. Formation of triple helix DNA structures. 

Recent advances in antisense technology have been focused on modifying 
oligonucleotides in order to offer improved nuclease resistance and increased binding 
affinity. These approaches include: (a) Backbone modification (b) Sugar modification, and 
(c) Base modification The first generation of antisense oligonucleotides was based on 

25 backbone modification in which the backbone phosphodiester bond was replaced by (a) 
phosphorothioates, (b) phosphorodithioates, (c) methylphosphonates, (d) phosphotriesters 
and (e) phosphoramidates. 

1 
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The phosphorothioate™ analogues have some potential advantages since they (i) form 
relatively stable duplexes with RNA (-0.1° to -1° per modification); (ii) activate RNaseH 
degradation; (iii) are stable to cleavage by nucleases, and (iv) are stable to base catalyzed 
hydrolysis . Phosphorodithioates are also quite resistant to nuclease activity however they 
5 have little advantages over phosphorothioate derivatives for antisense applications* 5 *. Like 
the phosphorothioates, methylphosphonates are normally obtained as mixtures. Although 
methylphosphonates do not activate RNaseH^ , they are uncharged and display (i) 
increased hydrophobicity, (ii) increased cell membrane permeability and (c) nuclease 
resistance. Regarding the 0-alkylphosphotriesters(0-Et) (6) , these oligomers strongly 

^ 10 hybridize to RNA and closely conform to the helical conformation of natural f}- 
phosphodiester DNA (self - complementary duplexes are substantially less stable (7) ). The 
use of the latter molecules (phosphonates and triesters) in cell culture systems is limited 
due to the following drawbacks: (i) their low aqueous solubility; (ii) their reduced 
hybridization property due to high numbers of diastereoisomers formed by the chiral 
15 phosphorus atoms (phosphonates); (iii) due to their enhanced lipophilicity they are 
presumably targeted to intracellular lipid particles and membranes, and (iv) they are 
sensitive to base catalyzed hydrolysis. Phosphoramidates are quite resistant to nucleases 

^ but exhibit rather poor hybridization characteristics with DNA. This is not the case with 

3-NH phosphoramidates where substantial increase in Tm was observed. 

20 An attractive approach in the development of antisense agents for DNA and RNA 
recognition is the polyamide (also known as peptide) nucleic acid (PNA) surrogates. 
PNAs are the first successful substitute for the sugar-phosphate backbone that have 
displayed equal or better binding affinity than natural DNA or RNA (8) . In contrast to the 
various backbone units, PNAs do not bear any structural resemblance to natural 

25 oligonucleotides. PNAs bind to an oligonucleotide sequence either via a parallel mode 
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where the PNA amino terminus is aligned with the 5' end of DNA or via an anti parallel 
mode (aligned with the 3* end). Hybridization through the antiparallel mode was found to 
be significantly more stable than the corresponding parallel hybrid and impart an extra Tm 
stability of 1.45°/modification and 1°-1. 2° /modification for PNA-RNA and PNA-DNA 
5 duplexes, respectively. The alternative parallel binding mode is still as stable as DNA- 
RNA or DNA-DNA duplexes, formed by displacing the homopyrimidine DNA stretch 
from the DNA duplex (9) . 

Transcription inhibition by PNAs can occur either by triple helix formation or by strand 
displacement in which the PNA displaces one DNA strand in the DNA duplex to form a 
10 PNA-DNA hybrid. Following this, by binding to a further PNA oligomer, a local <PNA>2- 
DNA triple helix can be formed for certain sequences. Both PNA strands must be oriented 
either parallel or antiparallel to the DNA strand. 

Two pivotal obstacles are implicated with the application of PNA systems: i) Low 
solubility, and ii) Diminished cell uptake. In this context and in order to cope with these 
15 hurdles several modifications yielding new types of polyamide building blocks were 
intoduced such as depicted in the following formulae: 



20 
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Compound A represents the original structure (Nielsen) of a PNA "unit where the backbone 
part is composed of N- (2-aminoethyl) glycine chain and the nucleobase is tethered 
through an amide bond to the inner amino group. Such a highly hydrophobic system is of 
course of low solubility and consequently of diminished cell permeation ability. 
5 Compounds B and C and D represents a new polyamide backbone where the carboxylic 
moiety is replaced by phosphono (B,C) and phosphoro (D) groups to attain a more 
hydrophilic ribbon cord with a resistant to nucleases degradation (l0) . In contrast to B, 
compounds C and D consist of a delta hydroxy acid backbone. This allows chain 
elongation by methods adopted in solid phase synthesis of oligonucleotide. Compound E 

10 (OPNA) which consist an delta amino acid was designed as an ether analogue to afford the 
main chain sufficient flexibility and an improved water solubility (l0) . On die other hand 
the presence of a chiral center in the backbone structure extend chemical diversity. 
Structures F-H are true peptide nucleic acids analogues bearing nucleobases linked through 
an ethylene chain to C-l and the amino group N of glycine and to C-4 (Trans) of proline in 

15 F,G,H respectively* 11 * . One of the drawbacks of a polypeptide chain as a carrier of 
nucleobases is ascribed to its augmented rigidity, which interrupts the spatial hybridization 
properties of the PNA. Compound I is a chiral Deita-amino acid PNA with a partly 

^ conformational^ constrained backbone derived of cyclohexyl moiety (12) . 

One particular PNA analog in which the linkage of the a nucleobase to the interior amino 

20 group of the PNA unit is via an ethylene bridge has previously been described for 
thymine (13) . The synthesis of this derivative was accomplished from protected N,N-Bis-2- 
ethylamino glycine and acylisocyanate, which does not afford a general method of 
synthesizing other units. More importantly, it was demonstrated in that study that the 
positively charged PNA analog had inferior properties compared to regular PNA units 
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(reviewed by Falkiewicz, 1999, Ref. 14). This disclosure teaches away from the use of 
positively charged PNA analogs altogether. 

Summary of the Invention 
5 It is an object of the present invention to provide positively charged analogs of 
oligonucleotides. It is a more specific object of the present invention to provide positively 
charged peptide nucleic acid (PNA) analogs. It is a further object of the invention to 
provide antisense molecules comprising positively charged oligonucleotide analogs. It is 
yet a further object of the present invention to utilize positively charged PNA as novel 
10 delivery agents for therapeutic and diagnostic reagents, including brain delivery 
technologies. 

According to the principles of the present invention, we herein report the synthesis of 
novel PNA analogs in which the linkage of the nucleobases to the interior amino group of 
the PNA unit is via an ethylene bridge (Scheme 1). This modification introduces positive 
1 5 charges along the ribbon stretch. 

It is now disclosed that these positively charged sequences display enhanced water 
solubility and enhanced affinity to the negatively charged DNA duplex. In addition, as is 
known in the art this modification increases the flexibility of the side chain compared to 
the regular PNA (methyleneamido) surrogate. 
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According to the principles of the present invention we provide a general procedure for 
synthesis of all four bases from commercially available starting materials. 
According to a first aspect of the present invention there are provided compounds of the 
general formula (I): 



Bn 

I 



CH 2 
fH 2 



*2 

R 1 .NHCH 2 CH 2 -NH-CH 2 COOR 2 

Formula (I) 



10 wherein, Rl is hydrogen or a protecting group suitable for protecting an amino group; R2 
is hydrogen or a protecting group suitable for the protection of a carboxyl group; and Bn is 
a protected or unprotected, natural or non-natural nucleobase other than thymine. 

Currently more preferred embodiments of the invention are compounds of formula 
(I) wherein Rl is hydrogen or a protecting group selected from the group consisting of 
15 Monomethoxytrityl (MMT), Dimethoxytrityl (DMTr), Fluorenyloxycarbonyl (Fmoc), tert- 
Butyloxycarbonyl (t-BOC), Phthalimide (Pht), and Tetrachlorophthalimide (TPht); and 
R2 is hydrogen or a protecting group selected from the group consisting of Methyl (Me), 
^ Ethyl (Et), Propyl(Prop), tert-Butyl (t-Bu), Benzyl (Bnz), Monomethoxytrityl (MMT). 

20 Additional more preferred embodiments according to the present invention are 

compounds of the general formula (I) wherein Bn is selected from the group consisting of 
guanine or protected guanine (Gu); pseudo-guanine or protected pseudo-guanine (2,6- 
diaminopurine); adenine or protected adenine (Ad); cytosine or protected cytosine (C); 
pseudo-cytosine or protected pseudo-cytosine, pseudo-isocytosine or protected pseudo- 

25 isocytosine; uracil or protected uracil (U) and protected thymine (T). 
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Suitable protecting groups for cytosine and cytosine analogs include but are not limited to 
R 3 = Benzoyl (Bz), Acetyl (Ac), and Diphenylacetyl (DPA). 

Suitable protecting groups for adenine include but are not limited to 1*4= Benzoyl (Bz), 
Acetyl (Ac), Diphenylacetyl (DPA). 
5 Suitable protecting groups for guanine and pseudoguanine include but are not limited to 
those wherein the protecting group for the hydroxyl (R$) is selected from the group 
consisting of diphenylcarbamoyl (DPC), and Benzyl (Bnz), and the protecting group for 
an amino group of the guanine (R$) is selected from the group consisting of i-Butyryl 
(iBu), acetyl (Ac), and benzoyl (Bz). 
10 Suitable protecting groups for uracil or thymine include but are not limited to 
Rr= Benzoyl (Bz), Acetyl (Ac), and Diphenylacetyl (DPA) 




PseudoGuanine u T 



Most preferred compounds according to the present invention are compounds of the 
15 general formula (I) wherein Bn is selected from the group consisting of adenine or 
protected adenine, cytosine or protected cytosine, guanine or protected guanine. 
Compounds of the general formula (I) with or without protecting groups comprise 
positively charged PNA units having an ethylene linker between the backbone and the 
nucleobase, are collectively designated herein and in the claims as IP-PNA, having 
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improved properties compared to previously known pclyamide (peptide) nucleic acid 
analogs. 

According to a second aspect of the present invention, there are provided oligomers 
comprising at least one peptide nucleic acid analog of the general formula (I). It will be 
5 appreciated by the skilled artisan that in such an oligomer the groups Rl and R2 are 
replaced by covalent bonds between adjacent monomer units. 

According to another aspect of the present invention, oligomers comprising a plurality of 
peptide nucleic acid analogs of the general formula (I), wherein Bn may be any natural or 
non-natural nucleobase, including thymine are disclosed and claimed. It will be 
* 10 appreciated by the skilled artisan that in such an oligomer the groups Rl and R2 are 
replaced by covalent bonds between adjacent monomer units. 

It is understood that at each occurrence the nucleobase of a given monomer is independent 
of the nucleobase used at any other position in the oligomer. Advantageously, according to 
a specific preferred embodiment the oligomers are conjugated to polyethyleneglycol to 
1 5 improve their pharmacokinetics. 

Three currently preferred types of oligomers included within the scope of the invention 
are: 

^ a) an oligomer wherein short sequences of DP-PNA units are incorporated at one or both 
termini (3* and/or 5') into oligomers comprising from about 10 to30 ordinary PNA units, 

20 as depicted by the sequence: 

A-A-A^-A-A-IP-PNA-IP-PNA-IP-PNA-X, wherein A is any known PNA unit; n is a 
number from about 5 to 25; EP-PNA is a compound of the general formula (I) from which 
all protecting groups have been removed; and X is selected from the group consisting of a 
free carboxylic acid, a reduced carboxylic group (alcohol) or PEG; 
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b) an oligomer comprising only IP-PNA units incorporated into a sequence of from about 
10 to about 30 nucleobases, as depicted by the sequence: 

IP -PNA-IP-PNA-IP-PNA(m)-IP-PNA-X, wherein m is number of about 6 to about 26, and 
X is as defined above; 

5 c) an oligomer comprising alternating units of IP-PNA monomers and PNA moomers as 
depicted by the sequence: 

A-IP-PNA-A-IP-PNA- (A-IP-PNA)m-A-IP-PNA-X, wherein A, IP-PNA, m and X are as 
defined above. 



10 comprising as an active ingredient an oligomer comprising a plurality of IP-PNA units. 

Another aspect of the present invention relates to use of oligomers comprising IP- 
PNA units as antisense molecules. 

Another aspect of the present invention relates to the use of oligomers comprising 
IP-PNA units for translational arrest 
1 5 Another aspect of the present invention relates to the use of oligomers comprising 

IP-PNA units for CNS specific targeting of antisense molecules. 

Another aspect of the present invention relates to the use of oligomers comprising 
IP-PNA units for neuronal targeting of antisense molecules. 



20 known Peptide nucleic acid (PNA). IP-PNAs are positively charged water-soluble 

molecules, with improved cellular uptake as well as lysosomotropic properties, enhancing 
their biological properties. 

In comparison with previously known PNA which require a delivery system, IP- 
PNA are cationic molecules that have a lysosomotropic property, therefore, theycan 

25 provide unique value as vectors for transport across the BBB and intraneuronal delivery. 



Another aspect of the present invention relates to pharmaceutical compositions 





It is now disclosed that IP- PNAs have improved properties compared to previously 
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Brief Description of the Figures 

Figure 1: Molecular modeling of PNA and EP-PNA annealing to DNA 

5 Detailed Description of the Invention 
Brain drug delivery technologies 

Due to their low biomembrane permeability and their relatively rapid degradation, 
polypeptides and oligonucleotides are generally considered to be of limited therapeutic 
value. This is an obstacle in both biomedical research and pharmaceutical industry. Until 

10 recently, the intracellular administration of bioactive molecule was restricted to small 
hydrophobic ones, and administration of hydrophilic macromolecules required disruption 
of plasma membrane. 

The blood-brain barrier (BBB) represents a very complex endothelial interface, 
which separates the blood compartment from the extracellular fluid compartment of the 

15 brain parenchyma. The BBB consists of a monolayer of polarized endothelial cells 

connected by complex tight junctions 15 . Several factors are known to affect the extent to 
which a molecule will be delivered from the blood into the brain: (1) Lipid solubility: 
Good correlation exists between the lipid solubility of a drug and its ability to penetrate or 
diffuse across the BBB 16 . (2) Size: The BBB will also prevent the passage of ionized 

20 water-soluble molecules with a molecular weight of more than 500 Da, impeding the 
delivery of 95% of drugs to the brain. Because of this efficient filtering activity of the 
BBB, the treatment of brain cancer and other neurodegenerative diseases has been 
relatively inefficient, as many drugs are unable to reach the brain at the necessary 
therapeutic levels. To overcome this problem, different methods have been developed that 

25 achieve BBB penetration 17 : (1) Disruption of the BBB by hyperosmotic shock induced by 

10 



) 0198522A2..1_> 



WO 01/9*4P PCT/ILO 1/00570 

infusion of hypertonic solution (mannitol) or, by administration of biologically active 
agents such as bradykinin, angiotensin and RMP-7. (2) Direct intraventicular drug 
administration. (3) Drug modification: It is believed that the ability of a drug to cross the 
BBB by passive diffusion is a function of lipophilicity and hydrogen bonding potential 18 . 
5 Several strategies, such as drugs lipidization (addition of lipid-like molecules to the drug) 
and linkage to chemical delivery systems (CDS), have been therefore utilized. (4) Using 
the BBB carrier-mediated transport system for essential compounds such as amino acids 
and vitamins. (5) Cationic modification (such as cationized proteins) cross the BBB by 
absorptive-mediated transcytosis mechanism for review see 24,25). (6) Receptor-mediated 

10 transcytosis: Conjugation of therapeutic molecules to a drug-transport vector {0X26). 

An alternative approach for the delivery of neuropharmaceuticals is the use of small 
synthetic peptides that can cross the cellular membrane efficiently (Pegelin, Penetratin). In 
the past five years several peptides have been demonstrated to translocate across the 
plasma membrane of eukaryotic cells by a seemingly energy-independent pathway. These 

15 peptides have been used successfully for the intracellular delivery of macromolecules with 
molecular weights several times greater than their own. For example, Tat is a transcription 
factor involved in the replication of HIV. It has been found that one of its functional 
domains 49-58 amino acids) is responsible for nuclear import. Tat appears in a secreted 
form, which is then re-internalized by live cells in a time and concentration-dependent 

20 manner. In addition to its ability to cross cell membrane, it has been demonstrated that a 
Tat-derived short peptide could cross the blood brain barrier and deliver active protein into 
the brain. The potential of this approach (peptide-vector strategies) as an effective delivery 
system for transporting drugs across the BBB has been demonstrated in animal models by 
an in situ brain perfusion model in rats and by intravenous injection into mice 19,20 . 

25 
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Antisense delivery into the brain 

Antisense oligodeoxynucleotides (ODNs) are negatively charged high molecular 
weight molecules (the molecular weight of 14 nucleic acids is about 5Kda). Unmodified 
(naked) ODNs and PNAs are unable to cross the BBB in vivo. Therefore, it is necessary to 
5 administer them directly into either the cerebral ventricles or a particular intracerebral site. 
Apart from the huge technical limitations (invasive procedure), unmodified ODNs are 
rapidly degraded in the brain while phosphorothioate (PS)-ODNs are rapidly cleared via 
cerebrospinal fluid bulk flow and consider to be neurotoxic at therapeutic concentration 
greater than l^iM 24,25 ). Therefore, if antisense molecules are to be effective therapeutics 
^10 for CNS disorders, it is necessary to conjugate them to delivery systems. The delivery 
systems develop so far were limited by: 

1. Low efficiency in vivo (ODN-encapsulated liposomes) 2. Combination of cytotoxicity 
and in vivo instability in the case of ODN-polylysine conjugates 4. Rapid degradation. 5. 
Rapid plasma clearance rate. A strategy that was develop recently for the delivery of large 

15 molecule into the brain is based on conjugation of avidin-cationized albumin or the OX26 
monoclonal antibody directed to the transferrin receptor 2U22 . PNA were also conjugated to 
OX26/strepavidin vector 23 . This modification increases by at least 28 fold peptide entry 
^ into the brain reaching a level comparable to that for morphine, a neuroactive small 

molecule (0.1% of injected dose per gram of brain). Moreover, PNAs retain affinity for 

20 target RNA despite conjugation to the BBB drug targeting system. Apart from complexity 
and the potential immunogenic properties of such a vector, this approach will unlikely be 
active in vivo without an endosomal release function built into it 26 . Other new 
technologies still need to overcome some major obstacles. Factors such as metabolic 
stability, plasma protein binding, intracellular compartmentation and cell membrane 
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transport need to be considered if the promise of antisense therapeutics to become a 
neuropharmacology reality. 



Brain specific antisense 

Our approach to the development of CNS-oriented gene arrest technology is based on 
several findings (for additional references on BBB transport: see 27-31): 

1 PNA-based antisense should be delivered into the brain either via absorptive 
mediated transcytosis or via carrier peptides (modified/or unmodified). 

2 Positively charged surface proteins adhere to the negatively charged cell 
surface, resulting in improved transport efficiency. Cationic molecule can induce leakage 
from endosomes, therefore, it enhances trans-membrane penetration and localization to the 
subcellular compartment containing the nucleic acid targets. 

3 For drug with a low permeability, where the extraction rate from blood 
plasma into the organ during a single capillary passage is below 20%, uptake is not limited 
by blood flow. Therefore the brain tissue accumulation in a phase of unidirectional uptake 
can be expressed as: Cb ra i n =PS x AUC 

(PS=brain capillary permeability surface area product. AUC= area under die 
plasma concentration time curve) 

4 To improve pharmacokinetic properties (reduced uptake by kidney and liver 
will result in higher plasma AUC, and will increase Cb ra iu), and masked/reduced 
immunogenicity, conjugation with poly-ethyleneglycol (PEG) is necessary. 

5 Only limited numbers of antisense molecules will cross the BBB. Therefore, 
to achieve therapeutic effect it is necessary to increase the antisense potency. 

6 The final product should be simple for synthesis and modifications. 
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7 Relative specificity: Similar to certain small molecules, and if effort of 
optimizing BBB entry, the final product (lead compound) may be specific enough 
therapeutically even though not as specific as the original PNA. 

5 Improved PNA-based antisense molecules (IP-Antisense) 

According to the principles of the present invention we now provide improved 
PNA analogs in which the linkage of the nucleobases to the interior amino group of the 
PNA unit is via an ethylene bridge. This modification introduces positive charges along the 
ribbon stretch. These positively charged sequences would display enhanced water 
10 solubility. In addition, this modification increases the flexibility of the side chain compared 
to the methyleneamido surrogate. 

As with cationic albumin it is expected that this molecule will cross the BBB via 
absorptive-mediated transcytosis mechanism (see re£31). The thymine derivative was 
already been synthesized by Hyrup et al. 14 from protected N,N-Bis-2-ethylamino glycine 
15 and acylisocyanate. In the next section we outline a general procedure for the synthesis of 
all four bases from commercially available starting materials. 

Hie hybridization properties of tertiary amine-modified PNA (ethT) were partially 
* examined by Hyrup et al. 14 . The modified PNA was incorporated in the middle of a PNA 
decamer and the effect of this modification on Duplex motif and Triplex motif wore 
20 examined. It was found that this modified PNA decreased the stability of PNA-DNA 
complexes. However, despite the lower stability, the thymine in the ethT analog 
specifically recognized the complementary adenine in the DNA strand since mismatches 
cause a further decrease in Tm. We have synthesized the other nucleotides as well, and 
developed a simple procedure for the synthesis of these modified PNAs. 



14 



fSOOCIO: <WO 0198S22A2J_> 



WO 01/9^^ ^ PCT/IL01/00570 

It is accepted that positively charge tertiary amines will cross the BBB presumably 
by absorptive mediated transcytosis. These modified PNA (IP-PNA) are going to be used 
as "specific carriers" for unmodified PNA (A) and also to improve the water solubility of 
the molecules. Cationic molecules are normally cleared rapidly by the liver. Therefore, in 
5 order to improve their pharmacokinetic properties the antisense may advantageously be 
conjugated to polyethylene glycol (PEGylated). According to one embodiment of the 
present invention it is preferable to use PEG with molecular weights in the range of 2000- 
3400, though other ranges may also be utilized. This is a known technique that reduces 
hepatic clearance. Other conjugates or techniques may be used to achieve the same 
1 0 objective of reduced clearance. 

Three particular embodiments are currently most preferred: 

1. Flag approach: Short sequence (5-10) of IP-PNA units will be incorporated to 5-25 mer 
PNA sequence 3' and/or 5' position. The EP-PNA will be located at these positions to 
reduce the possibility that it affect the PNA-mRNA/DNA stability. 

15 A-A-A-A....A-A-IP-PNA-IP-PNA-IP-PNA-X 

2. Charge approach: Complete IP-PNA sequence its hybridization properties were never 
tested before. However, based on our computerized modeling this modified PNA does 
have antisense properties. 

IP-PNA-IP-PNA-IP-PNA....IP-PNA-X 
20 3. Alternating approach: An alternate approach where IP-PNA will be incorporate into 
the PNA sequence alternately. 
A-IP-PNA-A-IP-PNA-A A-IP-PNA-A-IP-PNA-X 

Backbone derivatization. Synthetic procedures utilizing the regular PNA backbone are 
25 well documented in the literature. In the case of preparing our new type of PNA we have 
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tried to alkylate the interior secondary amine of the protected backbone N-2- 
monomethoxytrityl, 2-aminoethyl, ethyl glycinate with iodo and bromo ethanol under basic 
conditions. Changing the ratio of the reactant, the base, and reaction temperature yielded 
poor results. This led us to employ another commercially available staring material: N,N- 
5 (2-Hydroxyethyl),2-aminoethylamine (Compound 3 of scheme 2 below), which comprises 
2 amino groups (a primary and a secondary), and a tethered hydroxyl moiety. The synthetic 
viewpoint of constructing the backbone (Compound 5 of scheme 2 below) is first to protect 
the distal amino group and successively to alkylate the internal amine with terf-butyl- 
bromoacetate. 

^ 10 BOC disclosed only low selectivity to the primary amine over the secondary and the 
reaction to protect the distal amino group of 4 (Compound 4 of scheme 2 below) gave a 
mixture of mono and di-BOC products. The Fmoc protecting group was highly selective 
toward the primary amine, however it was cleaved under the Mitsunobu reaction 
conditions. Two protecting groups proven to be of high selectivity to primary amines and 
15 ease to introduction are the monomethoxytrityl (MMT or MMt) and the phthalimido 
protecting groups (Pht). MMT is cleaved with high yield within few minutes by low 
concentration of IT A while Phth group is cleaved by hydrazine (or hydrazine derivatives) 

► or primary amines (as methyl amine or ethylene diamine) within a long period of time at 
low temperatures (24-48 hrs at r.t.) or within a shorter period of time at elevated 
20 temperatures (2-3 hrs at 60-70 °C). 

We decided to proceed with both of these currently preferred protecting groups. 
The Synthesis of the PNA units is depicted in Scheme 2. Firstly, the terminal amino group 
of 3 was protected by monomethoxytrityl (MMT) to result compound 4. The internal 
amino group of compound 4 was then alkylated by ethyl (t-Bu) bromo acetate to attain 5 

25 
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Scheme 2 



H 2 N-(CH2) 2 - NH— (CH2) 2 - OH 
(3) 



MMT-Q 



■► MMTT ^-(CH^j- NH - (CH2) 2 - OH 
(4) 



Br-OfcOOOR 



Et3N/DCM 



Et3N/DCM; R=Et,t-Bu 



5 



MIVfT- NH -{CHj) 2 — NH - CH 2 -COOR 
(S) 




6 



MMT- NH— (CHJj- 



The alkylation of 4 by ethyl bromoacetate (R=Et) is concomitant with a substantial amount 
of a by product derived from the nucleophilic attack of the free hydroxyl group reside on 
the side chain, on the carbonyl group to form a six member ring lactone. In Order to 

10 circumvent this reaction the t-Butyl ester was introduced 

The intra-molecular transesterification was proved using ] H-NMR. The characteristic 
chemical shifts of the ethyl ester (-OCH^-CHa) of the desire backbone disappeared and the 
chemical shifts of the methylene groups of HO-CH^CHb-N were shifted from 3.7 to 4.3 
ppm. Due to this side reaction, the terf-butyl-bromoacetate was used for the alkylation of 

15 the secondary amine. The desired backbone (5) was purified on silica gel eolumn 
chromatography. The stability of the terf-butyl ester was followed by ^-NMR for several 
daysatRT. 

Derivatization of Nucleobases. 

20 Essentially, the nucleobases can be attached to the designed backbone by three of the 
following methods: i) Replacing the linked hydroxyl group on the backbone structure by a 
bromide group, and subsequently alkylating the nucleobases at the appropriate positions, 
employing strong bases as NaH, K 2 C0 3 or CsC0 3 in dry solvents mainly dry DMF, ii) to 
apply a similar procedure to the above but instead of using the alkyl bromide modification, 

25 to transform the hydroxyl group into a mesylate ester, and iii) alkylating the protected 
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nucleobase with the 2-hydroxy ethyl group of compound (5) using Mitsunobu reaction 
conditions. All the three methods require special protecting groups on the reactive site of 
the nucleobases. Since our backbone consists of a tertiary amine that can be alkylated 
under the experimental conditions we decided to employ merely the Mitsunobu reaction. 
5 The conditions for the attachment of the first three nucleobases (A, T, G) are well 
documented. 

In this regard the adenine (A) was used with no protection of the N 6 exocyclic amine, since 
protection at this position decreases the regioselective alkylation of the N 9 under 
Mitsunobu conditions. To increase the solubility of the non-protected adenine the reaction 
10 mixture was warmed to 40°C N 6 of the adenine should be protected before the chain 
assembly since this exocyclic amine can interfere with the coupling, reactions. Thus after 
the attachment of the unprotected adenine benzoyl group was used as to this aim. 
In the case of thymine (T), in order to direct the alkylation to N 1 , N 3 should be protected. 
Thymine (T) was converted to N 3 -Bz-T (8) by treatment of (T) with excess of benzoyl 

15 chloride in pyridine for 24h. This actually yielded the N*,N 3 di-benzoylated product (7). 
The ^-benzoyl group was selectively cleaved using mild basic condictions by in situ 
adding water to the reaction vissel. Stirring the aquaeous solution for 8-10 hrs cleaved 

1 ultimatley all the N*-benzoyl group and gave rise to compound (8) (Scheme 3). The 
desired mono protected N 3 -benzoyl thymine (8) was collected in high yield after washing 

20 the excess of benzoic acid with ether. 



Scheme 3 




Bz-Cl; Pyr; O.N 



Me- 




^C-Ph 



H3O/R.T; 8-10h 



Me 




25 



H 



0=C-Ph 



H 
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Guanine should also be protected on the amino group at the N 2 position. Although this 
position is not reactive and cannot interfere with the Mitsunobu reaction, its protection can 
improve the solubility of the nucleobase in organic solvents. Further more, In addition, the 
O 6 site of the guanine is a highly reactive under Mitsunobu conditions and thus, should be 
5 protected. Following this perception, the N 2 amino group was protected by acylation with 
acetic anhydride. This treatment led to the N 9 , N 2 -diacetylated guanine {product (9)). 
Acylation of N 2 should precede the carbamoylation step of O 6 , since the reaction of the 
latter on the unprotected guanine will virtually lead to the inadequate diphenyl urea 
protecting group analog (on N 2 ), which disclose a subtle cleavage property under the 
10 condition of concentrated ammonium hydroxide solution. 

Scheme 4 

O O OC-N(Ph) 2 

/ i> > /Yt 1)PPOCI;PIEA — - /Yi o 

(9) (10) 



The product (9) was collected and subsequently the O 6 carbonyl was carbamoylated by 
20 diphenyl carbamoyl chloride. The final product (10) was obtained after evaporation of the 
solvent and treatment of the residue with ethanol-water mixture (1:1) under reflux to 
hydrolyze the N 9 acetamido group. 

In the case of cytosine, the commonly used procedure is to alkylate the N 1 position of the 
cytosine, after protecting the N 4 position through benzoylation, using the above mentioned 
25 method (i), of alfcyl halide (in our case the ethyl bromide residue on the monomer 
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backbone) with strong base as NaH or cesium carbonate. Kuwahara and his eo-workers l0b 
tried to apply Mitsunobu reaction to the N^bezoylated cytosine with no success. Part of 
the explanations provided referred to the pure solubility of the N^bezoylated cytosine in 
dry THF. We intended to solve this obstacle by using a more lipophilic protecting group. 
Diphenylacetyl (DP A) was chosen to acquire this aim. In conjunction with this, the amino 
group N 4 of Cytosine (Q was protected by diphenylacetyl chloride in pyridine in high 
yield and purity (Scheme 5). 

Scheme 5 




All the protected bases (G,T, and C) reacted with the alcohol (5) under standard 
15 Mitsunobu condition to give products : 12G,12T and 12C. The attachment of N^DPA- 
cytosine was accomplished successfully with high yield. Adenine was applied to the 
Mitsunobu reaction with no any protection. Acylation of the N 4 amino group of adenine 
^ took place succeeding the attachment of adenine to the PNA backbone. 

Scheme 6 

20 oft AfKr& 



A or _ N2-(Ac)(06-DPC) orT 8 " 1 

MMT-NH-CCHj),- NH- CH 2 -COOR "dfa MMT-NH-tCH^- NH - CH 2 -COOR 

25 (5) orC -mSDEAD/THF (12A,G>T,Q 



The Fmoc derivative of the free acid was achieved by removal of the MMT and the t-butyl 
protecting groups of compounds 12A,12T,12G, and 12C by TFA in CHC1 3 or in DCM or 
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by HBr/ACOK 10% followed by the treatment with 9-fiuorenyimethylchioro formate 
(Fmoc-Cl) or 9-fluorenylmethyl succinimidyl carbonate<Fmoc-OSu). 

Scheme 7 

A{GTC) 

WA^ C^^ F m oc. N HCHjcH 2 .NHWOOH 

IStA.G.C.T) 



Applying 2% TFA for 30min leads to MMT cleavage of 12 (A,G,C,T) without the removal 
of the t-Bu ester. 

A(GTC) 

CH2 

„ . „ —TFA (2%) /CHCI3 (30min) / 
12(A,G,C,T) 5—! H 2 NCH 2 CH 2 -NH-CH 2 COOH 

12(AN,GN,CN,TN) 

All intermediates and the final products were characterized by l H NMR and high 
10 resolution mass Spectroscopy. 



Examples 

Synthetic Examples 
I) PNA Backbone synthesis: 
15 N^,N-(2-Hydroxyethyl),(2-(monomethoxytrityl) aminoethyl) tert-butyl glycinate<5): 
N,N- (2-Hydroxyethyl),(2-monomethoxytrityl) amino) ethane (4): 
20 ml, (200 mmol) of (2-hydroxyethyl) ethylene diamine (HEED) <3) and {30 ml, 0,2mol) 
of triethylamine (TEA) were dissolved in 100 ml of dichloromethane. The mixture was 
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cooled in ice-sodium chloride bath to 0 °C, While vigorously stirred, (15 g 3 48,57 mmol) of 
MMT-C1 in 50 ml CH 2 Cl 2 (DCM) were added drop wisely over one hour. Hie mixture was 
stirred for more 2 hrs at 0 °C then allowed to elevate to room temperature and stirred for 
further 20 hrs. To eliminate the excess of the HEED the organic layer was washed with 
5 3x100 ml water. The organic phase was dried over anhydrous Na 2 SC>4, the solid was 
filtered off and the solvents were evaporated to dryness. The yellowish oil was used with 
no further purification. 

'H-NMRCCDCb) 5: 

1 10 7.49-7.15(m, 12H, MMT); 7.14-6.79(dd, 2H, MMT); 3.76(s, 3H, -OCH£); 3.61-3.58(1, 2H, 
HO-CHr); 2.75-2.68(m, 4H, -(CH^-NH) 2.3-2.26 (t, 2H, -CHg-NH-MMT); 

The above product was dissolved in 100 ml of dichloromethane and (7ml, SOmrnol) of 
triethylamine was added. The mixture was cooled to 0 °C and (8.57 ml, 58 mmol) of tert- 
15 butyl bromoacetate in 20 ml CH2CI2 were added drop wisely. The mixture was stirred at 
r.t. for 24 hrs. The organic phase was washed with 3x100 ml water and dried over Na 2 S04. 
After filtering off the solid the solvents were evaporated to dryness under reduced pressure. 
f The yellowish viscous product was purified on silica gel column chromatography. The 
desired product was obtained as colorless viscous oil. Eluting solvents: 30-50% ether in 
20 petroleum ether. 
! H-NMR(CDC1 3 ): 

7.48-7.45 (dd, J N3 - 8.4, J M = 1.2 Hz, 2H, MMT); 7.38-7.36(d, J = 7.8 Hz, 2H, MMT); 
7.30-7.14(m, 8H, MMT); 6.85-6.79(dd, Jl 3 = 15.3 Hz, J M = 2.1 Hz, 2H. MMT); 3.77<s, 
3H, H3CO-); 3.59- 3.56(t, J = 5.1 Hz, 2H, HO-CHr); 3.13(s, 2H, N-CH^OO-); 2.79- 
25 2.71(m, 4H, N(CH2)2-); 2.22-2.18(t, J - 6 Hz, 2H, -CH2-NH-MMT); 1.41(s, 9H, tert-But) . 
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II) Nucleobase Protection: 
(1) Thymine: 

To a suspension of thymine (T) (5 g, 40mmol) in 40 ml of dry pyridine, (15 ml, 130mmol) 
of Bz-Cl were added and the reaction was stirred over night at room temperature. TLC 
indicated the end of the reaction. The reaction mixture was cooled to 0°C and 30 g of ice 
were added in fractions. The reaction temperature was elevated to r.t. and the stirring 
continued for 8-10 more hrs. The solvent was removed under reduced pressure. 200 ml of 
ether and 100 ml of water were added to the viscous residue, while vigorous stirring. The 
white precipitate was filtered and washed with 100 ml of ether. 



TLC (10% MeOH/CHCl 3 ) diBz-T RF=0.95 

Bz-TRf=0.5 

^-NMR^DCls): 

7.96-7.93(dd, Ji- 3 = 11.4 Hz, J M = 1.2 Hz, 2H, 2H o to CO); 7.70-7.65(m, 1H, Hp to CO) 
15 7.54-7.49 (m, 2H, H2 m to CO); 7.03 (s, 1H, H-(C6)); 1.91 (s, 3H, H3C-<C5)). 

(2) Guanine: 

A suspension of (5 g, 33 mmol) of guanine in 100 N-methy-2-pyrrolidinone NMP) and 20 
ml acetic anhydride was heated to 150 °C for 3 hrs. The clear solution was stirred at room 
20 temperature for 24 hours. The precipitate was collected, by filtration and washed with 
acetone. The N 9 ,N 2 -diacetylated guanine (9) was dried and identified by ^-NMR. 

M.P.=Decomp. 270°C 
'H-NMR (DMSO-d$): 

25 12.1(bs, 1H-(N)), 8.53(s, 1H, H-(C8)); 2.91(s, 3H, Ac-{N9)); 2.31<s, 3H, ^-COCjH^)). 
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(5g, 21.25 mmol) of (9) were suspended in 100 in! of dry pyridine and excess of 
diisopropyl ethylamine (DIEA). Then (5.91 g, 25.51 mmol) of diphenylcarbamoyl chloride 
were added in portions. The reaction mixture turned orange immediately. Stirring 
continued for 2 hrs at r.t. then 20 ml if ice-cold water were added. The mixture was stirred 
5 for 10 minutes more and solvent was removed under reduced pressure. 100 ml of ethanol 
and 100 ml of water were added and the mixture was refhixed for 1.5 hr. After cooling to 
the room temperature, vigorous stirring continued for over night The desired product (10) 
was collected by filtration and washed with 50 ml of ethanol, dried and characterized. 

^10 M.P. = 185°C 

^-NMR (DMSO-de): 

10.7(s, 1H, H-(N2)); 8.55(s, 1H, H-(C8)); 7.61-7.38(m , 10 H, aromatic); 2.28(s, 3H, - 
COCHa). 

15 (3) Cytosine: 

^-(Diphenyl acetyl)cytosine: 

To stirred suspension of (3 gr, 27 mmol) of cytosine (C) in 30 ml of dry pyridine at room 
^ temperature (6.85 g, 29.7 mmol) of diphenylacetyl chloride were added in portions. The 

reaction mixture was stirred at room temperature overnight. TLC indicated the end of the 
20 reaction. 2 ml of water was added and the solvent was evaporated under reduced pressure. 

100 ml of water were added to the residue and the mixture was stirred vigorously for 30 

minutes. The desired product (11) was precipitate and filtered. The white precipitate was 

washed with 100 ml of ether and dried. 

25 'H-NMR (DMSO-ds): 
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11.43 (bs, 1H, H-(N4)); 7.95-7,93(d, J= 6.9 Hz, 1H, H-C(5)), 7.44-7.42 (m, 10 H, 
aromatic); 7.26-7.24 (d, 1H, H-(C6)); 5.48 (s, 1H, H-(C-diphenyl)). 



Ill) Nucleobase attachment: 
5 The three nucleobases (0 6 -DPC,N 2 -Ac-G, N3-Bz-T, A and NVDPA-C) were attached to 
the backbone using Mitsunobu conditions. The nucleobases were dried in a dessicator 
under vacuum over P2O5 and KOH. 

General Procedure for the Nucleobase Attachment: 

10 (20 mmol) of the backbone were dried by successive co-evaporation 3x50 ml of dry 
toluene. The dried backbone was dissolved in 200 ml dry and fresh THF. To the reaction 
vessel, under inert atmosphere (18.3 mmol) of the appropriate nucleobase (0 6 -DPC,N 2 -Ac- 
G; N 3 Bz-T; A; T^-DPA-C ) and 20 mmol of triphenylphosphine (TPP) were added. The 
mixture was cooled to 0°C. To the stirred mixture, 1.1 eq of diethylazodicarbixylate 

15 (DEAD) were added drop wise over a period of one hrs. The reaction mixture was stirred 
at R.T. (for adenine at 40°C) for 24 h and solvents were evaporated to dryness. The desired 
product was purified on silica gel column chromatography. Eluting solvents: For N 3 -Bz-T: 
petroleum ether — ► 27% ether /petroleum ether; For A, eluting solvents ether — ► 26% of 
methanol/ ether; for G: ether— ► 4% methanol/ ether and for DPA-C: petroleum ether — ► 

20 27% ether / petroleum ether 

General Procedure for the conversion of 12(A,C,G,T) to 13(A,C,G,T) 
a) 0.1 mol of TFA is added dropwise to a cold solution of 2.5mmoI of 12(ACGT).and 
0.25ml of triisopropylsilane in 5ml of DCM. The reaction mixture is stirred for 48h at 
25 room temperature and evaporated to dryness in cold. The residue is dissolved in 10% aq. 
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NaHCOa (i5mi) and acetonitriie (i5mi). The solution is cooled in an ice bath followed by 
an addition of 3.0mmol 9-fluorenylmethyl succinylimidyl carbonate (Fmoc-OSu) or 9- 
fluorenylchloro formate (Fmoc-Cl) in acetonitril (7ml). The reaction mixture is stirred for 
12h at room temperature and evaporated to dryness. The residue is dissolved in water 
5 (10ml) and the aqueous layer is washed with diethyl ether (3x10ml) and adjusted to pH 7 
with 10% of KHS04.Subsequently, two layer are formed. The aqueous upper layer is 
discarded and the lower layer is washed with H2O (5ml) and dried to afford a white solid. 
In the case of N 3 benzoyl Thymine, TFA cleaved part of the benzoyl protecting group and 
the two product formed were separated on column chromatography (silica, eluent3-5% 
^ 10 ethanol/diethylether) 

Two alternative variations are also effective, b) Cleavage of the protecting groups (MMT 
and t-But) by allowing 10%HBr/CH 3 COOH to react for lh , and c) After phase separation 
the lower layer is extracted with DCM . 

15 General Procedure for the conversion of 12(A,C,G,T) to 12(AN,CN,GN,TN) 

To 2.0 mmol of 12 (ACGT).and 0.25ml of triisopropylsilane 20ml of TFA in DCM (2%) 
is added dropwise in cold (ice bath) The reaction mixture is stirred for 30min at and 
^ evaporated to dryness in cold. The residue is dissolved in 20ml of DCM and washed with 
10% aq. NaHCCb (15ml) followed by 5ml of H 2 0. The organic phase is dried by MgS0 4 
20 and evaporated The remaining solid is applied to column chromatography (silica, eluent: 
ethylacetate to 10% methanol /ethylacetate).In the case of 12GN triturated several times 
with diethylether result the pure product. 

t-But-N-{(3-N-benzoyl thymine-l-yl) ethyI}-N-(2-Mmt-aminoethyl) glycinate (121): 
25 l H-NMR(CDCl 3 ): 
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7.93-7.91 (d, 2H, N 3 -Benz); 7.59-7.6i(t, IK, N 3 -Benz); 7.47-7.71(m, 15 K, MMT + N 3 - 
Ben + 1H-(C6)), 6.81-6.78(d, 2H, MMT) : 3.76(s, 3H, -OCHV): 3.69-3.68(t, 2H, -CH^Nl- 
T)); 3.07(s, 2H, C^-COO-terr-But); 2.88-2.7(m, 4H, N-CCH^-); 2.24-2.23(m, 2H, -CHj- 
NH-MMT); 1.75(s, 3H, C(4)CH|); 1.41(s, 9H, tert-But) . 
MS, m/e 702.9 (M*), calc: 702.85 
M.P.= 122 *C 

TLC (5% Methanol/CH 2 Cl 2 ) RF = 0.75 



t-But-N-{(6-0-diphenylcarbamoyI-3-N-acetyIguanin-9-yl) ethyI}-N-(2-Mmt- 

aminoethyl) glycinate (12G): 

'H-NMRCCDCls): 

8.03 (s, 1H, H-(C8)); 7.7-7.13 (m, 22H, MMT+ DPC); 6.79-6.76 {d, 2H, MMT) : 4.12- 
4.06(t, 2H, CH2-(N9)); 3.74(s, 3H, OCH3); 3.07(s, 2H, -CHj-COO-); 2.99-2.95(t, 2H, - 
CH2-N-); 2.83-2.79(t, 2H, -OHj-N-); 2.53(s, 3H, N2-Ac): 2.21-2.17(t, 2H, -CB^-NH- 
MMT); 1.42(s, 9H. fer/-But) . 
MS, m/e 861 (M 4 ), calc: 861.01 
TLC (5% Methanol/CH 2 Cl 2 ) 
RF = 0.64 
M.P.= 50-53 *C. 

t-Butyl-N-(2-Mmt-aminoethyl)-N-(adenine-9-yl-ethyl) glycinate (12A) 

'H-NMRCCDCU): 

8.27(s, 1H, H-(C8)); 7.87(s, 1H, H-(C2)); 7.43-7. 13(m, 12H, MMT) : 6.79-6.76(d, 2H, 
MMT) ; 5.7(bs, 2H, Hz-(N2)); 4.15-4.1 l(t, 2H, -CHr(N9)); 3.76(s, 3H, -OCHa); 3.0(s, 2H, 
-CH2-COO-); 3.0-2.96(t, 2H, -CHj-N-); 2.82-2.78(t, 2H, -N-CHj-); 2.19-2.16(t, 2H, -CHg- 
NH-MMT); 2.06(bs, 1H, -NH-MMT); 1.39(s, 9H, fer/-But) . 
MS, m/e 607.9 (M*), calc: 607.75 
TLC (5% Methanol/CH 2 Cl 2 ) RF = 0.4 
M.P. = 60-62 *C. 



t-But-N-{(4-N-(diphenylacetyl) cytosine-l-yl) ethyl}-N-(2-Mmt-aminoethyl) glycinate 
(12C): 

'H-NMRCDMSO-de): 
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1 1.4(bs, 1H, H-CN 4 )); 8.03-7 .95(d, 1H, H-(C6)); 7.8-6.75(m, 14H, MMT); 6.75(m, 10H, 
DPA. + H-(C5)); 5.65(s, 1H, H-(DPA)): 3.95-3.9(t, 2H, CH^Nl)); 3.76(s, 3H, -OCga); 
3.0(s, 2H, -CH2-COO-); 2.83-2.79(t, 2H, -CH2.-N); 2.76-2.74(t, 2H, -N-CHj); 2.19-2.16(t, 
2H, -CHi-NH-MMT); 1.39(s, 9H, tert-Buti . 
5 MS, m/e 778.1 (M*), calc: 777.96 

TLC (5% Methanol/CH2C12) RF = 0.67 
TLC (5% Methanol/CH 2 Cl 2 ) RF - 0.67 

N-{(3-N-benzoyl thymine-l-yl) ethyl}-N-(2-Fmoc-aminoethyl) glycinate (13T): 
10 *H NMR(CDCl3) 

7.9-7.90(d,2H,Bz); 7.2-7.67 (m,8H,Fmoc+3HBz); 7.12 (s,lH,H-C6); 4.38(bd,2H, Fluo- 

CHz); 4.19(bt,lH,Fluo-H) ; 3.4,(s,2H,CH2-COOH); 3.79 (,bt, 2H, N-CH2-CH2); 3.22 (,bt, 
I 2H, N-CH2-CH 2 ); 2.90 (bt,2H,CH2NCH 2 ),2.79 (bt,2H, CI^NCI^); 1 .84(s,3H,C5-CH 3 ); 

MS, m/e 596 (M 4 ), calc: 596.23 
15 M.P.= 113 °C 



N-{(4-N-(diphenylacetyl) cytosine-l-yl) ethyl}-N-(2-aminoethyI) glycinate (13Q: 
'HNMRCDMSO-dfi) 

8.02-7. 19(m, 1 9H, H-C 6 + Fmoc+DPA);5.65(bd, 1H,C5-H);_5. 1 9(s, lH,(Ph) 2 -CH)i 
20 4.25(bd,2H, Fiuo-CH 2 );4.19(bUH,Fluo-H) ; 3.83 (,bt, 2H, N-CH2-CH 2 ); 3.50 (,bt, 2H, N- 
CHrCH 2 ); 3.4l,($,m,CJii-COOK); 2.88 (baH,CH2NCH 2 ),2.66 (bt£H, CH^CI^); 
MS, m/e 672 (M 4 ), calcd: 671.74 
MP= 144-150 °C 

25 t-But-N-{(6-0-diphenylcarbamoyl-3-N-acetylguanin-9-yl) ethyl}-N-(2-aminoethyl) 
glycinate (12GN): 
'H NMR (CDCI3) 

7.58(s,lH,C8-H), 7.40-7.20(m,10H, DPC); 4.18 (,bt, 2H, W-CHz); 3..60 (,bm, 2H, NH 2 - 
CH£; 3.20,(s,2H,CH 2 -COOH); 2.98 (bt,2H,CH2NCH 2 ),2.60 (bt^H, CH2NC&); 1.62 
30 (s,3H,C 2 NHCOCH3): 1.19(s,9H,t-But) 
MS, m/e 589 (M 4 ), calcd: 588.86 
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5 Alternative protecting groups and synthetic schemes 

Another protecting group introduced to the terminal amino constituent of the monomer 
backbone was the Phthalimido group. The general synthetic method is depicted in the 
following scheme. 
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A (GTC) 



15 



+ A or G N2 ' <Ac) ^^or T N3(Bz) 
or c (NW,PA) TPP.DEAD /THF 




;n-ch 2 ch 2 n CH 2 COOR 



16(AGTC) 



R=(a)-Methyl (Me).,(b)-Ethyl (Et).,(c>-Propyl(Prop).,(d)-tert-Butyl (t-Bu).,(e)- Benzyl (Bnz)., 
(f>MMT.,(g) Hydrogen(H)., X=H,CI., 



The final product was attained via three step reaction. The first step describe the 
attachment of the Phthalimido protecting group to the external amino group of 
aminoethylamino ethanol to get 14. 

The second step involves the reaction of 14 with alkyl (R) bromoacetate to form Alkyl (R)- 
N,N -<2-hydroxyethyl),(2-Phthalimidoaminoethyl) glycinate (15).The third step present 
the coupling of the protected nucleobases to 15 to yield compounds r6(ATCG). 



A general method for the preparation of 2-(2-Phthalimidoethylamino) ethanol (14): 
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i0.4g (O.imol) of N^-(2-hydroxyethyl ),ethyl amine and 22g(0.1mol) of N- 
ethoxycarbonyl phtalimide were dissolved in 50ml of H2O and stirred for 2 hours. The 
reaction mixture was lyophilized and the solid product washed with methanol (40ml). The 
remaining white solid (Compound 14) was collected and dried. 

5 

A general method for the preparation of Alkyl(R)-N,-(2-PhthaKmido-aminoethyI)^- 
(2-hydroxyethyI) glycinate (15): 

To 1 1.7g (50mmol) of 2-(2- Phthalimidoethylamino) ethanol and 8.75ml(58mmol) t-butyl- 
bromoacetate in 100ml DMF, 7g (SOmmol) were added. The reaction mixture was 
10 vigorously stirred for 1 week. Subsequently the solvent was removed under vacuum ,the 
viscous oil left dissolved in 200 ml of chloroform and washed 2x with water. The aqueous 
phase was extracted with 200ml of chloroform and the combined organic phase was dried 
with sodium sulfate filtered and evaporated to afford pale yellow oil. Purification was 
carried out by chromatography (solid phase-silica, eluent - CHC1 3 ). Yield 60% 

15 

Nucleobase attachment: 

As previously been described, the four nucleobases (0 6 -DPC,N 2 -Ac-G; N3-Bz-T; A; and 
tf-DPA-C) were attached to the backbone (15) via Mitsunobu reaction. 
t-But-N-{(3-N-benzoyl thymine-l-yl) eth yl}-N-(2-Ph thalimido-aminoeth yl) glycinate 
20 (16T): 

'H-NMRCCDCls): 

7.99-7.48 (m,9H,Ar); 7.25(s, 1H-(C6)); 3.78 (bt, 4H, -CI£-(Nl-T)+CH2r(Pht-N-); 3.35(s, 
2H, CHg-COO-tert-But); 2.98(m, 4H. (CH 2 ) N-(CI^)); 1.79(s, 3H, C(4)CH2); 1.41<s, 9H, 
tert-BuO . 

25 MS, m/e 561.1 (M 4 ), calcd: 560.6 
M.P.= 152 °C 
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t-Bui-N-{(6-0-diphenyicarbamoyi-3-N-a^ 
aminoethyl) glycinate (16G): 
'H-NMRCCDCb): 

8.19(bs,lH,C2-NH)7.98 (s, 1H, H-(C8)); 7.78-7.32 (m,14H,DPC+Pht); 4.19 (bt, 2H, 
5 (N9)); 3.70(bt,2H, ,PhtN CH2): 3.19 (bt, 2H, -Clfc-N-); 3.02 (bt, 2H, -CH^-N-); 2.60 (s, 2H, 
-CH2-COO-); 1 -64(s, 3H, N2-Ac): 1.22(s, 9H. terr-But) . 
MS, m/e 719.2 (M*), calcd: 718.29 
M.P.= decomp. 

10 t-Butyl-N-(2-Phthalimido-aminoethyl)-N-(adenine-9-yl-ethyl) glycinate (16A) 
'H-NMR (CDCI3): 

8.14(s, 1H, H-(C2)); 7.88(s, 1H, H-(C8)); 7.8-7.71(m, 14H, Pht); 5.85(bs, 2H, C6-NI£); 
4.20(t, 2H, -CH2-(N9)); 3.69fbt2HJhtNCH 1 ): 3.35(s, 2H, -CI^-COO-); 3.19<t, 2H, - 
CHj-N-); 3.01(t, 2H, -N-CH2-); 1.42 (s, 9H, terf-Burt . 
15 MS, m/e 466.2 (M*), calcd: 465.21 
MJ>.= 15rC. 

t-But-N-{(4-N-(diphenylacetyI)cytosine-l-yl)ethyl}-N-(2-Phthalimido-aminoethyl) 
glycinate (16C): 

20 'H-NMRtCDCfe): 

9.92(bs, 1H, C4-NHD: 7.15(bd, 1H, H-(C6)); 7.92-7.21(m, 14H, Pht +DPA): 3.85 and 
3.72(dt, 4H, CH2-(N1)+Pht-CH2); 3.0(s, 2H, -CH2-COO-); 3.09-2.92(m, 4H, -CH2-N- 

( CH,):1.39(s,9H.tert-But). 

MS, m/e 636.2 (M 4 ), calcd: 635.71 

25 MP.= decomp. 

t-But-N,-(2-Phthalimido-aminoethyl)^[-(2-hydroxyethyl) glycinate (IS): 
l H-NMR (CDCI3): 

30 7..84 (m,2H,Ar); 7.68(m, 2H-Ar); 3..75 (t, 2H, CH ? -(Pht-N): 3.48(t,2H,C£b-OH);3.29(s, 

2H, CH2-COO-/er/-But); 2.94-2.2.80 (m, 4H.fCH 2 ) N^CHs)); 1 .39(s, 9H, tert-But) . 

MS, m/e 349.1 (M 4 ), calcd: 348.7 
MP.=158°C 
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Mass Spectra data 
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5 Peptide nucleic acid analogs fPNA oligomers) comprising positively charged PNA 
An oligomeric PNA utilizing the "flag approach" was synthesized incoiporating a stretch 
of positively charged PNA analogs of the present invention. On the left of the sequence in 
bold (from C to C ) is the sequence fraction built from the positively charged PNA of the 
invention. The NH2 moiety is the terminal end of the sequence. The other part of the 

10 sequence (G to T, starting with COOH) was built from standard (regular) PNAs. The 
assembly of the PNA on the resin starts from the amino acid Lysine. The resin is Wong 
resin and the method used in this example was the Fmoc method. 
H2NCCTCCC TCCCGGAG-Lvs-COOH 

All procedures were carried by coupling methods as are well known to the skilled artisan. 
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Examples of possible antisense candidates ; 



Diseases 

1. Stroke 

2. Stroke 

3. Stroke 

4. Stroke 



Target Reference 

Inducible Nitric Oxide Ref. 32 

Tumor Necrosis Factor-a Ref. 33 

NMDA-R1 R«£ 34 

Intracellular adhesion molecule- 1 (IC AM- 1 ) Ref.3 5 
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5. Stroke 

6. Stroke 

7. Stroke 

8. Alzheimer's 
disease 

9. Alzheimer's 
disease 

10. Parkinson's 
disease 

11. Parkinson's 
disease 

12. Pain 



p53 

Interleukin-lbeta (IL-lbeta) 

Nogo A 

Beta-secretase 

acetylcholinesterase (AchE) 

Alpha-synuclein 

Dopamine transporter 

Tetrodotoxin-resistant Na+ channel 



PCT/IL01/00570 

Ref.36 
Ref. 37 
Ref. 38 
Ref. 39 

Ref. 40 

Ref. 41 

Ref. 42 



Ref. 43 



The foregoing examples are non-limitative in nature and intended merely to illustrate the 
principles of the invention. It will be appreciated by the skilled artisan that many 
variations, modifications and adaptation of these specific embodiments are possible 
without departing from the scope of the invention, which is defined in the claims that 
follow. 
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1 . A compound of the general formula (I): 



Bn 

I 

CH 2 

6h 2 

R r NHCH 2 CH 2 -NH-CH 2 COOR 2 

5 Formula (I) 

wherein, Rl is hydrogen or a protecting group suitable for protecting an amino 
group; R2 is hydrogen or a protecting group suitable for the protection of a 
10 carboxyl group; and Bn is a protected or unprotected, natural or non-natural 

nucleobase other than thymine. 



2. The compound of claim 1 wherein Rl is hydrogen or a protecting group selected 
from the group consisting of Monomethoxytrityl (MMT), Dimethoxytrityl 
15 (DMTr), Fluorenyloxycarbonyl (Fmoc), tert-Butyloxycarbonyl (t-BOC), 

Phthalimide (Pht), and Tetrachlorophth alimide (TPht); and R2 is hydrogen or a 
protecting group selected from the group consisting of Methyl (Me), Ethyl (Et), 
Propyl (Prop), tert-Butyl (t-Bu), Benzyl (Bnz), and Monomethoxytrityl (MMT). 



20 

3. The compound of claim 1 wherein Bn is selected from the group consisting of 
guanine or protected guanine ; pseudo-guanine or protected pseudo-guanine (2,6- 
diaminopurine); adenine or protected adenine; cytosine or protected cytosine; 
pseudo-cytosine or protected pseudo-cytosine, pseudo-isocytosine or protected 
25 pseudo- isocytosine; uracil or protected uracil. 
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4. The compound of claim 3 wherein Bn is guanine or pseudoguanine. 

5. The compound of claim 4 wherein the protecting group for an amino group of 
the guanine is selected from the group consisting i-Butyryl (iBu), acetyl (Ac), 
and benzoyl (Bz) and the protecting group for the hydroxy! is selected from the 
group consisting of diphenylcarbamoyl (DPC), and Benzyl (Bnz). 

6. The compound of claim 3 wherein Bn is adenine. 

7. The compound of claim 6 wherein the protecting group for the nucleobase is 
selected from Benzoyl (Bz), Acetyl (Ac), and Diphenylacetyl (DPA). 

8. The compound of claim 3 wherein Bn is cytosine or a cytosine analog. 

9. The compound of claim 9 wherein the protecting group for the nucleobase is 
selected from the group consisting of Benzoyl (Bz), Acetyl (Ac), and 
Diphenylacetyl (DPA). 

10. The compound of claim 3 wherein Bn is uracil. 

1 1 . The compound of claim 1 0 wherein the protecting group is selected from 
Benzoyl (Bz), Acetyl (Ac), and Diphenylacetyl (DPA). 

12. An oligomer comprising at least one peptide nucleic acid analog of the general 
formula (I). 
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10 



Bn 

I 

CH 2 

6h 2 

R r NHCH 2 CH 2 -NH-CH 2 COOR 2 

Formula (I) 

wherein, Rl is hydrogen or a protecting group suitable for protecting an amino 
group; R2 is hydrogen or a protecting group suitable for the protection of a 
carboxyl group; and Bn is a protected or unprotected, natural or non-natural 
nucleobase. 

13. The oligomer of claim 13 wherein the oligomer is conjugated to 
polyethyleneglycol. 



14. The oligomer of claim 13 wherein from about 5 to 10 IP-PNA monomers are 
15 incorporated at one or both termini into oligomers comprising from about 10 to 

30 ordinary PNA units. 

1 5 . The oligomer of claim 1 5, comprising the sequence: 
A-A-A(n)-A-A-ff-PNA-IP-PNA-IP-PNA-X 

20 wherein A is a polyamide nucleic acid monomer; n is a number from about 5 to 

25; EP-PNA is a compound of the general formula (I) from which all protecting 
groups have been removed and Rl and R2 have been replaced by covalent 
bonds between adjacent monomers; and X is selected from the group 
consisting of a free carboxylic acid, a reduced carboxylic group {alcohol) or 

25 polyethyleneglycol. 
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16. The oligomer of claim 13 comprising IP-PNA units incorporated into a 
sequence of from about 10 to about 30 nucleobases. 



D?-PNA-IP-PNA.IP-PNA(m)-IP-PNA-X, 

wherein m is a number from about 6 to 26; IP-PNA is a compound of the 
general formula (I) from which all protecting groups have been removed 
and Rl and R2 have been replaced by covalent bonds between adjacent 
monomers; and X is selected from the group consisting of a free carboxylic 
acid, a reduced carboxylic group (alcohol) or polyethyleneglycol. 

18. The oligomer of claim 13 comprising alternating units of IP-PNA 
monomers and PNA monomers. 

1 9. The oligomer of claim 1 9 comprising the sequence: 
A-IP-PNA-A-IP-PNA- (A-ff -PNA)m-A-IP-PNA-X,' 

wherein A is a polyamide nucleic acid monomer; n is a number from about 
5 to 25; EP-PNA is a compound of the general formula (I) from which all 
protecting groups have been removed and Rl and R2 have been replaced by 
covalent bonds between adjacent monomers; and X is selected from the 
group consisting of a free carboxylic acid, a reduced carboxylic group 
(alcohol) or polyethyleneglycol. 



17. 



The oligomer of claim 17 comprising the sequence: 



44 



WO 01/98^ ^ PCT/1L01/00570 

20. A pharmaceutical composition comprising as an active ingredient a 
compound of the general formula (I): 

Bn 

;h 2 

rH 2 

Ri -NHCH 2 CH 2 -NH-CH 2 COOR 2 

Formula (I) 

5 

wherein, Rl is hydrogen or a protecting group suitable for protecting an amino 
group; R2 is hydrogen or a protecting group suitable for the protection of a 
carboxyl group; Bn is a protected or unprotected, natural or non-natural 
10 nucleobase; and further comprising any pharmaceutically acceptable diluent or 

vehicle. 

21. A pharmaceutical composition comprising as an active ingredient an 
oligomer comprising at least one IP-PNA monomer, further comprising any 

15 pharmaceutically acceptable diluent or vehicle. 

22. A pharmaceutical composition comprising as an active ingredient an 
oligomer comprising a plurality of IP-PNA units, further comprising any 
pharmaceutically acceptable diluent or vehicle. 

20 

23. Use of positively charged PNA units for CNS specific targeting of antisense 
molecules. 

24. Use of oligomers comprising positively charged PNA units for CNS 
25 specific targeting of antisense molecules. 
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25. Use of positively charged PNA units for cellular targeting of antisense 
molecules. 

26. Use of oligomers comprising positively charged PNA units for cellular 
targeting of antisense molecules. 

27. Use according to claim 24 of oligomers comprising IP-PNA monomers for 
CNS specific targeting of antisense molecules. 

28. Use of oligomers comprising IP-PNA monomers for neuronal targeting of 
antisense molecules. 

29. Use of oligomers comprising IP-PNA monomers as antisense molecules. 

30. Use of oligomers comprising IP-PNA monomers for translational arrest. 

3 1 . Use of oligomers comprising IP-PNA monomers as vectors for transport 
across the BBB and intraneuronal delivery. 

32. Use of oligomers of IP-PNA monomers for cellular targeting of antisense 
molecules. 
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